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OPTICA! ■ SYfiTPfc^ 
The invention „ fc field „ ^ 

soch as wavelength division mu l ttpleJted ^ systtmSi ^ ^ ^ ^ 

management and control of.be power level of wavelengtf, mn.tip.exed option, signals. 

Option, contentions systems are a snbstantia. and fast-growing conatitnet,, of 
eonanmnicattanetivorte. ^«p^o».opticnJco mm nnicntionssv S1 e me ,n S nsedhe^ 

T K ^ WMCh ^ *** ** * T <•»«— acro ss an option. 

medinn, Snch optica, systems include, bn, are no, limited ro, te.ecomm»„icnoon S systems, 
eab.e te.ev.sion systems and .oca, ama network (LANs). Option, systems a. deaeribed in 
Oower, B4 Opto* C ommmla ^s Sys^. (Prentice HnU, N.Y.). OmenUy, ^ mjorily 
of optica, contention systems are cordigored to cany a sing,e optica, channel hnving a 
narrow wave,engti, specttal ^ Qv „ _ „ ^ ^ ^ ^ 

^formation fan, a p.nrajU, „, SOMCes , ^ ^ ^ fa ^ 

esed. In a WDM system a phnatity „, optica, signals, each rypicaUy having a narrow 

a single optical guide. 



A typica, optica, netwo* compnsea a plnmhty ofnodes .imceti by a nn^be, of different 
ad,ffe™a Jn onn,ofa K ennationU, WflMs igna.ootnpo M „ B pa ssi „ gthroughit 



One problem experienced in optical —ca.cn systems is the wide variation in the 
anennauonexpen^^ 



leads to a corresponding variation in the power 



levels of different signals arriving at a particular 



node in an 



originating from the same point in the 
following different paths between nodes 



network with nominally identical power levels, but 
. in order to overcome this problem there is a need for 



a means 



,0 selecdvely attenuate opdcal signals arriving a. a point in the network. 



- A-pnora* method for applying a different attenuation to each WDM signal arriving a. a 

Mch oha«ne> to be attenuated independendy of the others) aud to then reeombine a. of the 

*. disadvanrage that i. invoWes signifies*, iuserrion loss in Ore opuca! pad. heoause o, the 
n^ber of components required. Th. component pan, and the assenWy quired by this 

Th. prcsen, invendo. provide, a system for centring dre po«r levels of a pluraUty of 

Ure opdcai pad, comprises oprica, attenuadou means comprising a plurality of variabie opdcal 
«_ each opdcal attenuator for attenuadng in a different par. of the speed™. 



In a preferred embodiment, the present invention provides a system comprising a second 
optical path, the system for also controlling the power levels of a second plurality of optical 
signals in.the second optical path; in which the second plurality of optical signals form a set 
with the first plurality of optical signals of Claim 1 and in which the optical signals of the set 
are spectrally separated; in which the second optical path comprises a second plurality of 
optical attenuators and in which the second plurahty of optical attenuator form a set with the 
first plurality of optical attenuators of Claim 1, each optical attenuator of the set for 
attenuating in a different part of the spectrum; in which, in part, the first and second paths 
...shaxeafirst optical guide; mwltich me system comprises an m^ 

seeond plurality of optical signals in the shared part of the first optical guide into a second 
opticalguideofmesecondpa 

and second pluralities of optical attenuators respectively. 

In a further preferred enmodiment, the present invention provides a system in which the 
optical attenuation means comprises a further plurality of optical attenuators each optical 
attenuatorofmefur*^ 

attenuator of the further plurality for attenuating the same part of the spectrum as, and 
comprised in the same path as, a corresponding optical attenuator of the first plurality. 

In a further preferred embodiment, the present invention provides a system for selectively 
delaying components of an optical signal according to the wavelengths of the components. 



Embodiments of the present invention will now be described by way of 



example with 
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reference to the drawings in which: 

Figure , showsadiagratn of an optical atKrn^r system of the prior art; 
p^ishowsinctoss-secnonanopacai^andaflhraBraggOratingofUteprtotart; 

p^B^nae^ch^cofav^op^^n-^^ 
present invention; 

p^^ws.ntrt^^-of.v^iet^^^^^ 
invention; 

,,. Figures shows the reflectivity characteristics of a 
to the present invention; 

according to the present invention; 

H^snows.^sy^-^'^^^"^ 
invention. 

u „. m for use of a variable optical attenuator according to the present 
Figure 8 shows a further system for use ot a vanoo r 

invention; 
invention; 

Hgure 10 shows a fcrther systetn for nse of a variahie opricai arienuator according to the 
present invention; 

„ • ^ rac terisucofathirdv^^ 
Figure 1 1 shows the reflectivity characteristic or a uur 

to the present invention; 

c u t , m for use of a variable optical attenuator according to the 
Figure 12 shows a further system for use or a van v 



present invention. 

An optical attenuator system of the prior art will first be described in more detail with 
reference to Figure 1. 

Signals input to the attenuator via optical guide 1 encounter wavelength de-multiplexer 2 of 
a known type using interferometers, diffraction gratings or waveguide phasor devices which 
acts to separate the incoming optical signals according to their wavelength and outputs each 
_ different optical signal via a different one of a plurality of output ports. Each output port of 
dermultiplexer 2 is connected via an optical guide to one of plurality of optical attenuators 3. 
The optical attenuators may be implemented as an unbalanced Mach Zehnder waveguide in 
polymer waveguides, silica on silicon waveguides, Group m-V material waveguides and 
silicon waveguides, and the attenuation may be varied by altering the refractive index 
differentially in the arms of the interferometer by heat or biassing in the semiconductor 
waveguide case. Each optical attenuator may have its attenuation adjusted such that each 
signal passing through the selective attenuator may experience a different amount of 
attenuation such that the signals leaving the plurality of attenuators share a common power 
level. On leaving the plurality of attenuators 3 the optical signals are guided via optical guides 
into multiple input ports of optical multiplexer 4 operating on a similar principle to optical de- 
multiplexer 2. Optical multiplexer 4 acts to combine all of the input optical signals onto single 
output optical guide 5. 

Figure 2 shows a fibre Bragg Grating consisting of an optical fibre 10 in which a series of 



^^^^^^^^^ 

(eg that acts to 

^ectin^^of^wave^Cas^^b^-wofF.^^, 
^o.^spacU.^paHoaof^^oropaca.^vaH^.Ue.enn.W 

^ ta co^o. wUh Car Cafeteria*, - -* «- — — * * 
^^^By^^rc^va^-^^^^ 

^^^^^^^^^^^ 
' I « v^on of raf^va fa*. «— « - — .-P— of - aigna! M 

^oo^eopuca.^e^iaa^aeoaatoiac.oaa^^a^opuca, 

^vaaaapooaa.T.apa^.aUoaoao.ato 

te a^uctura. and inotaoaa vadaoona in ^cuva tad. -* *** Ugh, - on* 
^^opuca.guideinapartio^propasaaontnc.a.an^aa^o^a^^ 

• ^ • hv the soecific guided mode being propagated. This 
know the 'effective refractive index seen by the specmc g 

^^•effacuvopartoo-of^^.oadafinadforaparucu^su^mooa. 



multi-layer dielectric filter will become incident on the next multi-layer dielectric filter in the 
series, whereas light passed by a first FBG filter will become incident on the next FBG filter 
in the series. 

A reflectivity characteristic of a variable optical attenuator according to the present invention 
is shown in Figure 3. A variable optical attenuator acconiing to the present invention may 
advantageously comprise a tunable optical filter of a type described above. Figure 3 shows 
reflectivity characteristic line 20 that indicates the way thereflectivityof the filter varies with 
> -^wavelength of incident light The term Alight© is used here without implying restriction 
to visible radiation but extends to radiation of any suitable wavelength. In the pass band 
represented by line segments 2 1 and 22 the filter acts to pass nearly all the incident radiation; 
thereflecuvityofmemterbeingatarelativelylow level (R^). Between the lower pass band 
21 and me upper pass band 22 lies the reflection band represented by line segments 23 and 
24. Line segment 23 shows an increase in reflectivity with increasing wavelength from the 
passband value R^ uptoamaximum value R^. This line segment 23 constitutes the active 
region of the filter characteristic, i.e that part used to selectively attenuate optical signals. As 
shown in Figure 3, line segment 23 has a substantially constant gradient. Continuing in the 
direction of increasing wavelength from the maximum value , line segment 24 shows a 
rapidly decreasing value of reflectivity back to the passband value R^. The gradient of 
reflection band characteristic line segment 23 is smaller than that of reflection band 
characteristic line segment 24 so that the wavelength span M„ over which line segment 23 
extends in climbing from the R^ value to the R_ value is significantly greater than the 
wavelength span AA^ covered by line segment 24 in returning from the R^ value to the 
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value. Hence, the filter characteristic of Figure 3 exhibits a generally ramped (or 
triangular) reflectivity profile. Advantageously, the filter will be formed in low loss fibre and 
designed for low transmission loss (a*. ). This low transmission loss is important where a 
number of such filters are connected in series. Suitable characteristics for a fibre Bragg 
grating filter of ramped reflection profile are as given in Table 1. 



Parameter 




Target 


Max 


Min 




No ofFBG 


n 


8.16..128.. 








Length ofaFBG 


L B 


15mm 


20mm 


5mm 




Spacing of FBG 




220mm 






fixed by bend radius for 
long life 


100GHz spaced 
ITU grid 
Xl545nm 


^centre 


ITU 


+25GHz > 


-25GHz 




RefLrise 


AX up 


50GHz 


70GHz 


20GHz 




Refl. fall 


A 1 down 


5GHz 


10GHz 


0GHz 




Peak reflection 


R maxl 


90% 


99% ~~ 


80% 




Chain loss in 
pass bands 


a thru- 


<-0.5dB 


ldB 






ICore size 













Table 1 

Suitable filters could, for example, be implemented in optical guides (by which is meant 
optical fibres or waveguides) formed in silica, silicon, a group ffl-V alloy or polymer and the 
filtering achieved by forming a phased grating by etching, embossing, exposure to ultra-violet 
radiation using holography or with a phase mask or aperture mask. Each type of filter has the 
ability to be Atuned@, i.e. the spectral position of the reflection band may be shifted to higher 



or lower wavelengths by applying a stimulus to the filter. This stimulus could, for example, 
be electrical, mechanical or thermal. 

In more detail, tuning of the filter may be achieved by depleting chaige from the region of the 
grating or by injecting an electronic charge so as to change the complex refractive index of the 
filter, by varying the strain applied by means of a piezo or magneto strictive actuator or by 
varying the temperature of the filter by means of a heater or cooler. 

. A system for individually controlling the power levels of a plurality of optical signals, each 
signal allocated to a different part of the spectrum, e.g. wavelength division multiplex (WDM) 
signals, in a single optical guide will now be described with reference to Figure 4. The 
"selective attenuator" system of Figure 4 comprises optical circulator 30 which is provided 
with three ports, input port 31, filter port 32, and dump port 33. A number of WDM optical 
signals 37 are input at port 31 of the optical circulator. Filter port 32 is connected to a 
plurality of tunable ramped profile optical filters 35 (as, for example, described above) 
connected in series in a suitable optical guide 36. In an alternative embodiment (not shown) 
optical circulator 30 may be replaced by an optical isolator arranged with plurality of WDM 
optical signals 37 connected to the input and plurality of tunable ramped profile optical filters 
35 connected in series in optical guide 36 to the output thereof. As before, each of tunable 
ramped profile filters 35 has a reflection band corresponding to a different one of the plurality 
of input signals 37.. Each of the tunable ramped profile filters is individually tunable, as 
described above, and appropriate control means are provided to control the tuning of each 
filter on an individual basis, e.g. by applying the appropriate level of stimulus to each one. 
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.oen^eatpor^thercof. TneopdcalsignaUdtenpass 

,,„ng optical guide 36andenc.un.er the series of -- i*^**"" 35 ' 

M- d.^-^M'-»«^« ec --^**" -,,,,,l, • f, 
p^cular one of Are option, ai^s 37. This means that each input signal wiU pass W 
* hu, one o, the optica, filters 35 virtu* unchanged Upon reaching ore option! fflrer 35 
whose active region corresponds «o the wavCeng* band of 0u, signal, the aigna, wffl 
. experience a reflection Ore tnagnirude of which win depond on the toning of the Alter. This 

input signal wfl. experience a - W level of reflection (say 50% of the inpn, signal, 

region line segment 23. However, if it la determined tha, a parricuUr signal requires .0% 
^^^compa^wimnae^^e.S^PO-'^^^^ 

^veregioniaahnWmfl^du^onofd^gwavelenglhhy-^suchfl-te 
appmpria.eamoun.toreduceU.incide.taigna.power.eve.hyanexh.lWcon^wim 
^^of^aignaluansnur^byn.tfltowillhecorreaponding.y lower. Alternatively. 
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wavelength such that the reflectivity of the filter at the wavelengths corresponding to the input 
signal is lower than the normal value by an appropriate amount This will result in less of the 
signal being reflected in the filter so that the signal transmitted by that filter will have a higher 
power level than die power level it would have if the filter had been left in die un-tuned state. 
In the extreme case, for a sufficiently small signal, the filter may be tuned so that effectively 
no attenuation is applied to that signal. Hence the arrangement of Figure 4 may be used to 
transform a plurality of input signals of varying power level into output signals of uniform 
power level. 

The portions of the input signals reflected by the plurality of filters 35 return via optical guide 
36 to optical circulator 30, to re-enter optical circulator 30 at port 32 thereof and pass through 
the optical circulator to emerge at port 33 thereof where they are effectively discarded. The 
portions of the optical input signals 37 passed by the series of optical filters 35 will continue 
along optical guide 36 in the direction away from optical circulator 30 and are thus output 
from the selective attenuator. 

According to the alternative embodiment (not shown) described above and comprising an 
optical isolator in place of the optical circulator, the portions of the input signals reflected by 
the plurality of filters 35 return via optical guide 36 to the optical isolator (not shown), to re- 
enter optical isolator at the output thereof and are effectively discarded by being dispersed 
within the optical isolator. 

Alternatively, according to a further preferred embodiment, the output may be obtained from 
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the signals reflected at the plurality of filters 35. In this case reduced attenuation of the 
incident signal is obtained by tuning the relevant filter such that the active region is shifted in 
the direction of decreasing wavelength such that the reflectivity at the wavelengths 
corresponding to the particular input signal is increased. Conversely, increased attenuation of 
the incident signal is obtained by tuning the relevant filter such that the active region is shifted 
in the direction of increasing wavelength such that the reflectivity at the wavelengths 
corresponding to the particular input signal is decreased. In this embodiment the portions of 
the input signals passed by the plurality of filters 35 continue along optical guide 36 in the 
. <iirection away from optical circulator 30 and may effectively be discarded. The portions of 
the incident signals reflected by plurality of filters 35 are output at port 33 of optical circulator 

30. 

The gradient of the active region of the filters of the above system could be positive or 
negative, as illustrated in Figure 3 and Figure 5 (described below). If negative, shifts in the 
characteristic to achieve a particular change in reflectivity, described above in relation to a 
filter of positive gradient, will be carried out in the reverse direction to that described there. 

The optical signals used in optical communications networks typically comprise side-lobes 
spectrally spaced from a central peak. Use of the ramped profile filter of the first embodiment, 
described above, inevitably results in a different level of attenuation being applied to the 
spectrally spaced side-lobes. As the two side-lobes will be affected by different regions of the 
relevant reflectivity characteristic, distortion of the power level across the signal waveband 
is introduced . If it is important that the side-lobes, or the spectral profile of the optical 
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signals, is, not distorted in this way, a second series of ramped profile filters may be added, as 
described next 

A reflectivity characteristic of a second variable optical attenuator according to the present 
invention is shown in Figure 5. Again, a variable optical attenuator according to the present 
invention may advantageously comprise a tunable optical filter of a type described above. The 
second variable optical attenuator differs from the first variable optical attenuator of Figure 
3 in its reflectivity characteristic: the characteristic of the second attenuator appearing as a 
. "mirror image" of that of the first attenuator. The reflectivity characteristic of the second 
attenuator of Figure 5 thus features lower and upper pass bands 21, 22 (corresponding to 
reflectivity value R^) and in the reflection band, a line segment 23a representing a rapid 
increase in reflectivity with increasing wavelength from the passband value R^toa maximum 
value and, continuing in the direction of increasing wavelength, a second line segment 
24a in the reflection band indicating a more slowly declining value of reflectivity with 
increasing wavelength from the value back to the value . This second, slowly 
declining line segment 24a constitutes the active region of the attenuator characteristic, i.e that 
part used to selectively attenuate optical signals. This line segment 24a has a substantially 
constant gradient of opposite sign to the gradient of the active region (i.e. line segment 23) of 
the attenuator of Figure 3. Ideally the magnitudes of the gradients of the two line segments 
constituting the respective active regions will be equal. 

A second selective attenuator system (not shown) according to the present invention will now 
be described. This second system comprises the arrangement of Figure 4 combined with a 
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second series of optical filters (not shown) connected via an optical isolator or optical 
circulator in series with the first series described above with reference to Figure 4. This 
second series comprises optical filters having a reflectivity characteristic gradient in the active 
region of opposite sign to the corresponding gradient of the optical filters of the first series, 
U with a reflectivity characteristic appearing as a mirror image of that of filters 35 of the first 



series. 



In operation, in the second selective attenuator system, each signal passing through the 
selective attenuator system will pass through both series of filters, and will experience partial 
. reflection in one filter 35 from the first series and one filter from the second series. The power 
level distortion introduced by the filter 35 of the first series hence being compensated for by 
the corresponding filter of the second series. 

In an alternative embodiment, some or all of the filters 35 of the first series could exhibit the 
reflectivity characteristic of figure 5 whilst the corresponding filters of the second series 
exhibit the reflectivity characteristic of Figure 3. 

Figure 6 shows a third selective attenuator system according to the present invention. Features 
common to Figure 4 are given the same reference numerals and will not be further described 
here. The selective attenuator of Figure 6 comprises a second optical circulator 40 and a 
second plurality of optical filters 45 connected in series by means of an optical guide 46. 
Second optical circulator 40 comprises three ports 41 to 43. The signals output from (i.e. 
passed by) the first series of optical attenuators 35 via optical guide 36 are input to second 
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optical circulator 40 at port 41 thereof. These signals pass through the optical circulator to 
emerge at port 42 thereof from where they pass via optical guide 46 and encounter series of 
optical filters 45, 

In an alternative embodiment (not shown) optical circulator 40 may be replaced by an optical 
isolator arranged with the signals output from the first series of optical attenuators 35 via 
optical guide 36 connected to the input and plurality of optical filters 45 connected in series 
in optical guide 46 to the output 

. "*».•- • • „ _-— 

Unlike the second series of filters of the second selective attenuator system described above, 
the filters 45 have a similar reflectivity characteristic to the filters 35 of the first series and may 
advantageously be of the same type. In particular, the gradients of the reflectivity 
characteristics in the active regions have the same sign. Furthermore, unlike the arrangement 
of the second system, the output signal in the arrangement of Figure 5 is derived from the 
portions of the input optical signals reflected by second series of filters 45. These reflected 
signals pass back along optical guides 46 to re-enter optical circulator 40 at port 42 thereof, 
then pass through optical circulator 40 to emerge at port 43 thereof and are thus output from 
the selective attenuator. The unwanted portions of the input signals passed by series of optical 
filters 45 continue along optical guide 46 to the end thereof away from optical circulator 40 
where they may be discarded. 

A fourth selective attenuator system according to the present invention is illustrated in Figure 
7. According to the system of Figure 1 1, the output may be obtained from the signals reflected 
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at both the plurality of filters 35 and 45 in turn. The fourth selective attenuator system of 
Figure 1 1 comprises optical circulator 70 which is provided with four ports, input port 71, first 
filter port 72, second filter port 73 and output port 74. WDM optical signals 37 are input at 
port 71 of the optical circulator 70. First filter port 72 is connected to plurality of optical 
filters 35 in optical guide 36. Second filter port 73 is connected to second plurality of optical 
filters 45 in optical guide 46. The portions of the input signals reflected by the plurality of 
filters 35 back to port 72 of optical circulator 70 emerge at port 73 thereof and then pass along 
optical guide 46 and encounter the plurality of optical filters 45. The portions of input signals 
37-reflected by the plurality of filters 45 return via optical guide 46 to re-enter the optical 
circulator 70 at port 73 thereof and pass through the optical circulator to emerge at port 74 
thereof where they are output. 

A fifth selective attenuator according to the present invention is illustrated in Figure 8. 
Features of Figure 8 which are common with earlier Figures are given the same reference 
numerals and will not be described further here. Comparing the arrangement of Figure 8 with 
that of Figure 4, input signals 37 output ftom optical circulator 30 at port 32 thereof pass along 
optical guide 51 to Mach-Zehnder interferometer (or interference filter) 54, 55. The 
interferometer comprises optical guide 51 combined with a second optical guide 52 which are 
brought into contact at points 54 and 55 leading to a sharing of optical input signals 37 
between the two optical guides. Each of optical guides 51, 52 continue separately from contact 
point 55, each continuation containing a different set of filters 35 corresponding to the filters 
of the first series, i.e. as described with reference to Figure 3. As is known in the prior art, the 
length of optical guide 51 between contact points 54 and 55 is arranged to be slightly different 
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from the length of optical guide 52 between the same two points of contact This difference 
results in two modes of interaction at contact point 55 between the parts of input signals 37 
travelling via optical guide 51 and the parts travelling via optical guide 52. Depending on the 
wavelength of a particular optical signal the two parts of each particular signal will have a 
particular phase relationship at contact point 55 resulting in that particular signal continuing 
along either optical guide 51 or optical guide 52 so as to enter one or other set of optical filters 
35. 

The. first Mach-Zehnder interferometer 54, 55 is connected via the continuation of optical 
guides 51 and 52 and the optical filters 35 to a second, similar interferometer 56, 57. The 
second Mach-Zehnder interferometer 56, 57 comprises two points of contact 56, 57 between 
optical guides 51, 52, the lengths of optical guides 51, 52 between points of contact 56, 57 
being arranged so that all input signals 37 are output on the optical guide of choice, e.g. optical 
guide 51. 

As described above, two separate paths are established between the first and second 
interferometers 54, 55 and 56, 57, i.e. a first path via optical guide 51 and a second path via 
optical guide 52 each of these paths comprising a different series of optical filters 35. The first 
set of optical filters 35 i.e. those in optical guide 51 are arranged to selectively reflect a first 
set of signals from input signals 37 whereas the second set of optical filters 35, i.e. those in 
optical guide 52 are arranged to selectively reflect a second set of signals from input signals 
37, this second set comprising all of the signals not included in the first set. 
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Advantageously the two sets of signals could be arranged such that spectrally adjacent signals 
do not belong to the same set so that the spectral spacing of signals of a particular set are twice 
that of the input signals 37 as a whole. This arrangement advantageously results in reduced 
cross-talk. 

Advantageously, in a sixth selective attenuator system according to the present invention (not 
shown), third and fourth sets of filters (not shown) are added to the arrangement of Figure 7 
with the third set connected via an optical isolator or circulator (not shown) in series with the 
first set and with the fourth set connected via an optical isolator or circulator (not shown), in 
series with the second set, each of the third and fourth sets comprising filters of the type 
described above with reference to Figure 5, i.e. corresponding to filters of the second series. 

In operation, in the sixth system, each signal passing through the selective attenuator system 
will pass through filters from both series, and will experience partial reflection in one filter 35 
from the first series (i.e. with an active region gradient of a first sign) and one filter from the 
second series (i.e. with an active region gradient of opposite sign), the power level distortion 
introduced by the filter 35 of the first series hence being compensated for by the corresponding 
filter of the second series. 

In a variant of the sixth selective attenuator system, some or all of the filters 35 of the first and 
second sets could exhibit the reflectivity characteristic of figure 5 whilst the corresponding 
filters of the third and fourth sets exhibit the reflectivity characteristic of Figure 3. 
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Alternatively, in a seventh selective attenuator system according to the present invention (not 
shown), third and fourth sets of filters (not shown) are each connected via an optical circulator 
to the. first and second sets of filters respectively, i.e. in a similar fashion to the third selective 
attenuator system of Figure 6. In this system, the filters of each one of sets 1 to 4 are of the 
same type, i.e. with similar reflectivity characteristics, e.g. as illustrated in Figure 3. Hence, 
in operation, signals passed by the first set of filters will pass via a first optical circulator to 
the third set of filters and that portion of the input signals reflected by the third set of filters 
will pass back through the optical circulator before continuing to second Mach Zehnder 
interferometer 56, 57. Second and fourth sets of filters will operate in an analogous manner. 
This seventh selective attenuator system provides all the advantages of the fourth system of 
Figure 7 and the third system of Figure 6. 

In the arrangements of the fifth, sixth and seventh selective attenuator systems described 
above, the Mach-Zehnder interferometer could be replaced by one, or a combination of, Fabry- 
Perot etalons or similar. 

Advantageously, the control of signal power level across a range of WDM signals is based on 
measurement of the power (or amplitude) of each of the signals. This can be carried out using 
suitable power/amplitude measurement means such as a commercially available spectrum 
analyser. Alternatively the power/amplitude measurement means could comprise a dither 
modulator, photo-detector and narrow band filters as described next. Each signal entering an 
optical communications system or passing through a particular route therein could be 
modulated with a shallow dither amplitude modulation 'labelling tone' proportional to its 
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optol power. Difrerent.oncfieque.ciescou.dbea.signedforeacbsig^. The power levds 
„, fte signals could then be derived from meaning the amplitudes of me respective 
dither signals present in the phdtocuneot of a single photo-deteetor. Electrical measurement 
of me strength of each dither signal may be achieved by means of a narrowband fihering 
detection means. A set of control signals can be derived by computing the anenuatio. 
requimd to adjust each of the WDM signals to the required value, e.g. to equalise the 
power/amplitude of the set of WDM signals. Tie control signals are applied roactuattrs for 
providing rhe appropriate stimulus to each filter. 

^eighth selective iinm*^**^**^*^**^* 11 *" 
9. Features of Rgure 9 which are common with earlier figures are given me same reference 
.umerals and will not be described further here. Figure 9 shows an amplHude/power 
monitoring arrangement 62-66. 

The signals passed by plurality of filters 35 and reflectedbypluraUty of filters 45 are output 
from port 43 of optical circulator 40 and are guided in optical guide 61 to optical splitter 62 
where they are split with a small, set proportion of each signal taken to power measurement 
unit 63. The remainder of the output signals continue along optical guide 61 and are thus 
output from the system. The power measurement unit 63 comprises power/amplitude 
measurement means as described above and provides information to control unit 64 on the 
power/amplitude of each of the measured signals. 



The control unit 



it 64 outputs control signals 66 to the filter tuning actuators (not shown) to 
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create the required balance in attenuation between the two series of filters to give the desired 
power level for each WDM signal whilst minimising power level distortion. Control input 65 
to controller 64 allows for the operation of the controller to be inhibited. 

Hence the arrangement of Figure 9 provides the possibility of individually compensating for 
power level distortion introduced at the first series of filters 35 across the bandwidth of each 
WDM signal 37 with a complementary power level correction at the second series of filters 
45. 

„ An ninth selective attenuator system according to the present invention is illustrated in Figure 
ID.- Features of Figure 10 which are common with earlier figures are given the same reference 
numerals and will not be described further here. Comparing the arrangement of Figure 10 
with that of Figure 9, second power/amplitude measurement unit 67 is connected via second 
optical splitter 68 to optical guide 36 at the end of first series of filters 35 adjacent optical 
circulator 40. Second optical splitter 68, acts to split the signals in optical guide 36 so that a 
small, set proportion of each signal is taken to power measurement unit 67 which may be 
similar to power measurement unit 63. The remainder of each signal continues along optical 
guide 36 to enter optical circulator 40 at port 41 thereof. Control unit 64 receives inputs from 
first and second measuring units 63, 67 thus receiving information on the power/amplitude 
of each of the measured signals at the end of the first series of filters and at the output. Hence 
the arrangement of Figure 10 advantageously allows control of the filter activators based on 
information on the relative performance of each filter in each series. This allows the system 
to accurately control the performance of the filters of the first and second series even in the 
face of less than perfect filter actuators, e.g. demonstrating backlash. Control unit 64 compares 
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values read from each series of filters against predetermined values and/or corresponding 
values from the other series of filters. It then computes what adjustments, if any. in actuator 
drive levels are necessary and sets those levels accordingly. 

Figure 11 shows the reflectivity characteristic of a thud variable optical attenuator according 
to the present invention featuring lower and upper passbands 21, 22 (corresponding to 
reflectivity value R^) and in the reflection band a non-linear tine segment 23b representing 
an increase in reflectivity with increasing wavelength from the passband value to a 
^ maximum value and, continuing in the direction of increasing wavelengths a second tine 
segment 24b in the reflection band indicating a rapidly declining value of reflectivity with 
increasing wavelength from the value back to the value R^ . The first, non-linear line 
segment of the reflection band constitutes the active region of the attenuator characteristic, i.e. 
that part used to selectively attenuate optical signals. As can be seen from Figure 10, the non- 
linear active region comprises both shallow gradient (low dR/dX) and steep gradient (high 
dR/dX) regions. 

A tenth selective attenuator system according to the present invention will now be described 
with reference back to Figure 7. Comparing the tenth selective attenuator system with the 
fourth selective attenuator system, already described above with reference to Figure 7, it will 
be noted that Figure 7 also shows first and second optical splitters 62, 68 and first and second 
power/amplitude measurement units 63, 67, as described above. First power/amplitude 
measurement unit 63 is connected via first optical splitter 61 to optical guide 46 at a position 
between optical circulator 30 and plurality of filters 45 so as to detect signals reflected at 
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plurality of filters 45 back towards optical circulator 70. Second power/amplitude 
measurement unit 67 is connected via second optical splitter 68 to optical guide 36 at the end 
of first series of filters 35 adjacent optical circulator 70 so as to detect signals reflected at 
plurality of filters 35 back towards optical circulator 70. In operation, signals output from the 
system of Figure 7 on optical guide 61 are those reflected by first plurality of optical filters 35, 
passed via optical circulator 70 to second plurality of optical filters 45, reflected by second 
plurality of optical filters 45 and passed via optical circulator 70 to third optical guide 61. 
Unreflected portions of the signals continue along optical guide 36 or 46 in the direction away 
m from optical circulator 70 and may effectively be discarded. Control unit 64 (not shown) 
receives and processes inputs from first and second measuring units 63, 67, and outputs 
control signals to the actuators (not shown) of the individual filters, as described above in 
relation to Figure 10. 

An eleventh selective attenuator system according to the present invention will now be 
described with reference to Figure 12. Figure 12 shows a monitoring and control arrangement 
similar to that shown in Figure 10 and features common to Figure 10 bear the same reference 
numerals and will not be described further here. The main difference between the systems of 
Figures 10 and 12 is that, in Figure 12 optical circulators 30,40 have been replaced with 
optical isolators 80, 90. Hence optical signals 37 input to the system pass through optical 
isolator 80 into optical guide 36 and optical signals passed by plurality of filters 35 pass from 
optical guide 36 to optical guide 46 via optical isolator 90. As signals can only pass through 
optical isolators 80, 90 in one direction, the output from the system of Figure 12 is derived 
from those signals passed by both pluralities of filters 35,45. 
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One problem experienced in optical communication systems is the wide variation in the 
propagation time or delay experienced by component parts of optical signals following routes 
through the network according to their wavelength. In addition, a similar chromatic distortion 
effect may be introduced into signals reflected at fibre Bragg grating filters in an optical 
communications system, as described below. This leads to a corresponding elongation or 
spreading of a transmitted data pulse as it passes through the network. In order to overcome 
this problem there is a need for a means to selectively introduce at a point in the network 
, complementary delays into components of optical signals according to their wavelength. 

The term chromatic dispersion is used here to indicate the undesirable effect where 
components of an optical signal foUowing an optical path experience a differential delay 
according to their wavelength. Such dispersion is commonly introduced by conventional 
optical fibre. The chromatic dispersion D of an optical path, e.g. optical fibre, (i.e. the 
tendency of that path to introduce differential delay) may be expressed mathematically as 
D=At / LAX , where At is the differential delay introduced between a pair of optical signal 
components at a wavelength separation of AX over a length L of the path. A typical value for 
D for optical fibre in use today is 16 pS/(nm.km). 

A further effect of the fibre Bragg grating filters, as described above with reference to Figure 
2, is that they may introduce differential delays between components of a reflected optical signal. 
The introduction of unwanted differential delays will lead to chromatic distortion, as mentioned 
above. A grating with uniform effective period "s" between lines will only reflect incident 
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radiation whose wavelength corresponds to that effective period. In order to spread die reflection 
band of the grating to reflect more wavelengths, the effective period "s" between successive lines 
is varied along the grating. This variation in effective period "s" is called "chirp". Typically the 
effective period will get progressively shorter passing through the grating in one direction and 
longer in the other direction. The effective periodicity of the lines is calculated in relation to the 
physical spacing of the lines in combination with the effective speed of propagation of light in 
the medium, i.e. as determined by the refractive index of the medium and by the dimensions of 
an optical guide housing the grating. Hence the effective period may be arranged to vary despite 
equalline spacing by varying the refractive index of the grating medium and/or any variations 
in physical dimensions of the optical guide located in the grating region (e.g. the diameter of an 
optical fibre core or the width or depth of a waveguide). 

This has the effect that incident light of different wavelengths will have to travel different 
distances through the FBG filter before reaching the appropriate effective period for that 
wavelength. Hence the path travelled by reflected light of a first wavelength through the FBG 
filter will be longer than the path travelled by reflected light of a different wavelength, leading 
to differential delay, i.e. an optical signal or component of a first wavelength following the 
longer path through the FBG filter will be delayed when compared with an optical signal or 
component of a second wavelength following the shorter path through the FBG filter. 

According to a further preferred embodiment of the present invention, the selective attenuator 
systems according to the present invention and described above, in which output optical 
signals are reflected at optical filters, act to introduce differential delay between different 
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wavelMgth component of to signak .carding . to wa»e.engm. «M <* 
series of fflKra are arranged S o M the dfffaendal delay introduced is such as «» coneo. 
cta0I natic abortion intioduceti as a result of rhe signal propagating trough lengthy optical 
guides. e.g. in an optical communications ne«o* and/or. alternatively, chromatic distortion 
introduced by a further set of filters. 
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CLAIMS 

1 . A system for controlling the power levels of a plurality of optical signals in an 
optical path; in which the optical signals are spectrally separated; in which the 
optical path comprises optical attenuation means comprising a plurality of 
variable optical attenuators, each optical attenuator for attenuating in a different 
part of the spectrum. 

'■v.- • • _ _«v_. 

2. - • The system as claimed in Claim 1 comprising a second optical path, the system 

for also controlling the power levels of a second plurality of optical signals in the 
second optical path; in which the second plurality of optical signals form a set 
with the first plurality of optical signals of Claim 1 and in which the optical 
signals of the set are spectrally separated; 

in which the second optical path comprises a second plurality of optical 
attenuators and in which the second plurality of optical attenuators form a set 
with the first plurality of optical attenuators of Claim 1 , each optical attenuator 
of the set for attenuating in a different part of the spectrum; 
in which, in part, the first and second paths share a first optical guide; 
in which the system comprises an interferometer for separating the second 
plurality of optical signals in the shared part of the first optical guide into a 
second optical guide of the second path; 

in which the first and second optical guides comprise the first and second 
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pluralities of optical attenuators respectively. 

( . The system as claimed in Claim 2 in which signals of the first and second 

pluralities of signals that are spectrally adjacent to the signals comprised in the 
first plurality of signals are comprised in the second plurality of signals. 

*. The system as claimed in any one of Claims 2 and 3 comprising a second 

interferometer for combining the signals passed by the first and second pluralities 
of optical attenuators into a single optical guide. 

5 The system as claimed in any above claim in which each optical attenuator 
comprises a variable optical reflector. 

6. The system as claimed in any above claim in which the optical attenuation means 
comprises a further plurality of optical attenuators each optical attenuator of the 
further plurality for attenuating a different part of the spectrum; each optical 
attenuator of the further plurality for attenuating the same part of the spectrum as, 
and comprised in the same path as, a corresponding optical attenuator of the first 
plurality of Claim 1. 

7. The system as claimed in Claim 6 in which the optical attenuation means 
comprises a fourth plurality of optical attenuators and in which the fourth 
plurality of optical attenuators form a second set with the further plurality of 
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optical attenuators; each optical attenuator of the second set for attenuating a 
different part of the spectrum; each optical attenuator of the second set for 
attenuating the same part of the spectrum as, and comprised in the same path as, 
a corresponding optical attenuator of the first set of Claim 2. 

8. The system as claimed in Claim 6 or 7 in which each optical attenuator comprises 
a variable optical reflector for controlling the power levels of signals passed by 
the optical attenuator; in which the reflectivity characteristics of the reflectors of 
. the first plurality or the first set of optical attenuators (as the case may be) 
comprise a first gradient in the active range and in which the reflectivity 
characteristics of the reflectors of the further plurality or the second set of optical 
attenuators (as the case may be) comprise a second gradient in the active range; 
in which the first and second gradients are of opposite sign. 

h The system as claimed in Claim 6 or 7 in which each optical attenuator comprises 
a variable optical reflector for controlling the power levels of signals reflected by 
the optical attenuator, in which the reflectivity characteristics of the reflectors 
the first plurality or the first set of optical attenuators (as the case may be) 
comprise a first gradient in the active range and in which the reflectivity 
characteristics of the reflectors of the further plurality or the second set of optical 
attenuators (as the case may be) comprise a second gradient in the active range; 
in which the first and second gradients are of opposite sign. 
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10. The system as claimed in Claim 6 or 7 in which each optical attenuator comprises 
a variable optical reflector, the optical reflectors of the first plurality or the first 
set of optical attenuators (as the case may be) for controlling the power levels of 
signals passed by the optical attenuator, the optical reflectors of the further 
plurality or the second set of optical attenuators (as the case may be) for 
controlling the power levels of signals reflected by the optical attenuator, 

in which the reflectivity characteristic of the reflectors of the first plurality or the 
first set of optical attenuators (as the case may be) comprises a first gradient in 
the active range and in which the reflectivity characteristic of the reflectors of the 
further plurality or the second set of optical attenuators (as the case may be) 
comprises a second gradient in the active range; in which the first and second 
gradients are of the same sign. 

11. The system as claimed in Claims 8 to 10. in which the reflectivity varies in a 
substantially constant fashion with wavelength. 

12. The system as claimed in Claims 8 to 10 in which the reflectivity varies in a non- 
linear fashion with wavelength. 

13. The system as claimed in Claims 8 to 10 in which the reflectivity varies 
exponentially with wavelength. 
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The system as claimed in any one of Claims 7 to 13 comprising an optical 
circulator or optical isolator for passing the optical signals from each optical 
attenuator of the first set to the corresponding optical attenuator of the second set 

The system as claimed in any one of Claims 5 and 8 to 13 in which each optical 
reflector comprises a tunable optical filter; in which the reflectivity of the optical 
filter varies with wavelength. 

The system as claimed in any above claim comprising an optical circulator or 
optical isolator for passing the optical signals to the optical path of claim 1. 

The system as claimed in any above claim in which the optical signals are 
wavelength division multiplexed (WDM). 

The system as claimed in any above claim comprising signal level measurement 
means for measuring the level of a plurality of signals in an optical path, in which 
the measurement means comprises a single photo-detector. 

The system as claimed in Claim 18 comprising modulation means for introducing 
a different characteristic modulation into each of the optical signals, in which the 
measurement means comprises means for measuring the amplitudes of the 
different characteristic modulations. 
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20. The system as claimed in any one of Claims 18 and 19 comprising control means 
for controlling the operation of the optical attenuation means based on 
information supplied by the measurement means. 

21 A system as claimed in any above claim, as dependent from any one of Claims 9 
and 10, for selectively delaying components of an optical signal according to the 
wavelengths of the components. 

. 22., An optical communications system using the system as claimed in any above 
claim. 

23. A telecommunications system using the system as claimed in any one of Qaims 
lto21. 

24. A system for individually controlling the amplitudes of a plurality of WDM 
optical signals substantially as described with reference to and as illustrated in 
Figures 3 to 12 of the drawings. 
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